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(57) ABSTRACT 

A method of transcranial ultrasound thrombolysis comprises 
the steps of providing a predetermined level of ultrasonic 
energy substantially throughout a primary treatment Zone 
encompassing the M1 branch and M2 branches of the 
middle cerebral artery of an individual. Athrombolytic agent 
is also administered to the individual. A transcranial ultra 
sound thrombolysis system (10) is also provided that 
includes a transducer (20). The transducer is adapted to 
provide a predetermined level of ultrasonic energy substan 
tially throughout a primary treatment Zone encompassing at 
least a substantial portion of the M1 branch and the M2 
branches of the middle cerebral artery in one hemisphere of 
a brain. 
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TRANSCRANIAL ULTRASOUND 
THROMBOLYSIS SYSTEM AND METHOD 

OF TREATING A STROKE 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Application No. 60/162,976 ?led Nov. 1, 1999 and US. 
Provisional Application No. 60/241,986 ?led Oct. 20, 2000, 
each of Which disclosures are herein incorporated by refer 
ence. 

TECHNICAL FIELD OF THE INVENTION 

The present invention is directed generally to a transcra 
nial ultrasound thrombolysis system and method for transc 
ranial ultrasound thrombolysis and, more speci?cally, to a 
system and method of using ultrasonic energy in combina 
tion With a thrombolytic agent to assist in dissolving intrac 
ranial thrombi and to enhance the e?icacy of a thrombolytic 
agent. 

BACKGROUND OF THE INVENTION 

Seven hundred thousand strokes occur each year in the 
United States alone and many result in death. Ischemic 
strokes are generally caused by an occlusion or blockage 
(either partial or complete) resulting from a blood clot in one 
of the blood vessels in the head. Successful treatment of 
stroke patients depends on early recognition of the stroke, 
and almost immediate treatment, such as Within three to four 
hours of the onset of the stroke. 

Currently, one treatment for acute ischemic stroke 
patients is the use of a speci?c dose of the thrombolytic 
agent recombinant tissue plasminogen activator, commonly 
knoWn as rt-PA, administered intravascularly. HoWever, this 
treatment is not commonly administered due to a variety of 
factors. The treatment may not be administered because of 
a delay in recognizing and diagnosing stroke symptoms and 
transporting stroke patients to an appropriate medical facil 
ity. In addition, physicians are often reluctant to administer 
rt-PA due to the increased risk of an intracerebral hemor 
rhage. Accordingly, hospitals are less likely to use rt-PA on 
an acute stroke patient if they do not have a specialiZed 
stroke neurologist present to diagnose correctly the need for 
rt-PA and address any subsequent complications. 
As can be seen, current treatments have a number of 

shortcomings that can greatly reduce the availability of 
treatments for acute stroke patients. The current medical 
treatment is generally not used by front-line medical per 
sonnel. Such treatments can also have adverse side effects, 
and can have limited use and application. A need exists for 
a system and treatment method for providing quicker and/or 
easier treatment for acute ischemic stroke patients and/or for 
improving the ef?cacy of thrombolytic medicines, such as 
rt-PA, and reducing undesirable side elfects. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a system 
and method for the treatment of strokes that addresses and 
overcomes the above-mentioned shortcomings and prob 
lems. 

Another object of the present invention is to provide a 
system and method for the treatment of strokes that can be 
administered as soon as possible at the onset of stroke 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
Without a need for radiologic or imaging guidance to deter 
mine the speci?c vascular location of a clot. 

Still another object of the present invention is to provide 
a system and method for the treatment of strokes that can be 
administered by front line medical personnel. 

Still another object of the present invention is to provide 
a system and method for the treatment of strokes that avoid 
and/or reduce undesirable bioelfects, either cavitational, 
mechanical or thermal in nature. 

To achieve the foregoing and other objects, and in accor 
dance With the purpose herein, one embodiment of the 
present invention comprises a method of intracranial throm 
bolysis comprising the steps of providing a predetermined 
level of ultrasonic energy substantially throughout a primary 
treatment Zone encompassing at least a substantial portion of 
the M1 branch and the M2 branches of the middle cerebral 
artery in one hemisphere of a brain of an individual and 
further administering a thrombolytic agent to the individual. 

To achieve further objects and in accordance With the 
purposes herein, another embodiment of the invention is 
directed to a thrombolytic device comprising a transducer 
adapted to provide a predetermined level of ultrasonic 
energy substantially throughout a primary treatment Zone 
encompassing at least a substantial portion of the M1 branch 
and the M2 branches of the middle cerebral artery in one 
hemisphere of a brain. 

The method and system are advantageous in providing for 
relatively quick treatment of stroke Without requiring radio 
logic or imaging guidance to determine a speci?c vascular 
location of a clot. Still other advantages and objects of the 
present invention Will become apparent to those skilled in 
the art from the folloWing description Wherein there are 
shoWn and described alternative exemplary embodiments of 
this invention. As Will be realiZed, the invention is capable 
of other different, obvious aspects, objects and embodi 
ments, all Without departing from the scope of the invention. 
Accordingly, the draWings, objects and descriptions should 
be regarded as illustrative and exemplary in nature only, and 
not as restrictive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the speci?cation concludes With claims particularly 
pointing out and distinctly claiming the present invention, it 
is believed the same Will be better understood from the 
folloWing description taken in conjunction With the accom 
panied draWings in Which: 

FIG. 1 is a schematic diagram of a transcranial ultrasonic 
thrombolysis system in accordance With the teachings of the 
present invention; 

FIG. 2 is a vertical cross-sectional vieW of a transducer 
employed in a system of the present invention placed 
adjacent the head; 

FIG. 3 is a front elevational vieW of a transducer 
employed in a system in accordance With the present inven 
tion; 

FIG. 4 is a front elevational vieW of a transducer in the 
form of a 2-dimensional array employed in a system in 
accordance With another embodiment of the present inven 
tion; 

FIG. 5 is an elevational vieW of an exemplary transducer 
employed in a system in accordance With the present inven 
tion, With a corresponding beam pro?le; and 

FIG. 6 is an axial beam pro?le of the normalized intensity 
versus distance from the transducer of an ultrasound beam in 
a system in accordance With the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Referring noW to the drawings in detail, Wherein like 
numerals indicate the same elements throughout the ?gures, 
FIG. 1 exempli?es a system 10 for assisting in dissolving 
intracranial thrombi and for enhancing the thrombolytic 
action of a thrombolytic agent. The system 10 comprises a 
transducer 20 Which is described in further detail beloW. As 
shoWn in FIG. 1, the system 10 may further include an 
ultrasound system 11 and may be used in combination With 
a medicine delivery system 40. The ultrasound system 11 
used With the present invention can include an ultrasonic 
driver 14 for generating electrical energy that can be con 
verted to ultrasound Waves or energy at transducer 20. 
Driver 14 may be of a conventional design With an adjust 
able frequency generator 16 and/or an adjustable poWer 
ampli?er 18. The driver 14 should be such that the ultra 
sound Waves or energy are suitable and can be selected to 

penetrate the temporal bone of the head (H), and to be 
transmitted through cranial tissue Without generating unde 
sirable thermal, mechanical or cavitational effects. A fre 
quency generator 16 used With the present invention should 
have an adjustable frequency range preferably from about 
100 kHZ to about 1 MHZ. The poWer ampli?er 18 used With 
the present invention should also have an adjustable range 
up to about 150 W, and/ or provide up to about 60 dB of gain. 
Also, the driver 14 should have an adjustable duty cycle 
from about 10% to 100% so that the Wave operation can be 
pulsating, continuous, or both, as desired. 

Transducer 20 is preferably electrically connected to the 
ultrasonic driver 14 by an electrical cord 26. Transducer 20 
may be con?gured for converting electricity from an elec 
trical source (e.g., ultrasonic driver 14) into ultrasound 
Waves or energy, and for radiating or directing such ultra 
sonic Waves or energy into the head (H). Use of the 
transducer 20, along With the medicine delivery system 40, 
should assist in dissolving or removing the blockage or 
occlusion in the cerebral blood vessel, and/or enhancing the 
ef?cacy of the dose of medicine (e.g., thrombolytic agent) 
being used. The siZe and con?guration of transducer 20 used 
With the present invention should be selected so that ultra 
sound Waves or energy, and preferably loW energy ultra 
sound Waves, can penetrate the temporal bone. Furthermore, 
the transducer 20 should be con?gured such that undesirable 
heat energy and cavitation effects are not created. Undesir 
able attenuating and heating of tissue may result With 
relatively high ultrasound frequencies. Frequencies that are 
too loW penetrate the tissue but may cause cavitation and 
tissue damage. Suitable frequency ranges emitted by the 
transducer 20 can be from about 100 kHZ to about 1 MHZ. 
In one example, the transducer 20 can emit frequencies from 
about 100 kHZ to about 250 kHZ. In another particular 
example, the frequency range of the transducer is about 120 
kHZ. Accordingly, it is desirable to select frequencies suf 
?ciently loW to minimize or prevent attenuation and heating 
of tissue While alloWing sufficient penetration of tissue 
including the temporal bone. In addition, the selected fre 
quency should not be loW enough to cause cavitation and 
tissue damage at similar amplitudes. Also, the transducer 20 
should be siZed and con?gured so that it can deliver an 
intensity range from about 0.5 W/cm2 to about 10 W/cm2. In 
another embodiment, the transducer 20 can deliver an inten 
sity range up to about 2 W/cm2. 
A tip including a quarter-Wave matching layer and/or a 

lens 24 may optionally be provided in a front portion of the 
transducer 20, such as the end portion of the transducer 20, 
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4 
for ef?ciently coupling ultrasound Waves or energy into the 
head and/or focusing, concentrating or speci?cally directing 
ultrasound Waves or energy to a desired area or volume in 

the body. In one embodiment, a predetermined level of 
ultrasonic energy is provided substantially throughout a 
primary treatment Zone 36 encompassing at least a substan 
tial portion of the M1 branch and M2 branches of the middle 
cerebral artery as shoWn in FIGS. 2 and 5. In other embodi 
ments, the primary treatment Zone 36 includes at least a 
substantial portion of the M3 branch other extravascular 
thrombi, or other intracranial vascular thrombi. Tip 24 
should be siZed and con?gured to optimiZe the transmission 
of ultrasound energy or Waves through the temporal bone. 
As shoWn in FIG. 3, the transducer 20 may have a diameter 
or aperture greater than about 2 cm. In one embodiment, the 
transducer 20 may also have a diameter or aperture greater 
than about 5 cm. In still another embodiment, the transducer 
20 may have a diameter or aperture of about 6 cm. 
A beam Width from about 3 cm to about 4 cm may be 

provided to alloW for variations and the differences in human 
anatomy and in the position of a blockage or occlusion. In 
one particular embodiment, a beam Width of about 3 centi 
meters is provided. Accordingly, by providing a suf?ciently 
large beam Width, the system may provide a secondary 
treatment Zone 34 that is effective to encompass the primary 
treatment Zone 36, and therefore treat the majority of strokes 
Without the need for imaging or other techniques to deter 
mine the speci?c vascular location of a thrombi. 
One example of a suitable transducer 20 to assist in 

concentrating or speci?cally directing ultrasound Waves or 
energy to the area or location of the middle cerebral artery 
area is a transducer having a diameter of about 6 cm and a 
pillbox shaped con?guration made of a pieZoelectric 
ceramic. In one example, the transducer 20 may be siZed and 
con?gured to have a Rayleigh distance (R) as shoWn in 
FIGS. 5 and 6, Which is generally the distance betWeen the 
front of the transducer (e.g., located adjacent the skin above 
the temporal bone) and the location of the natural focus 
having the highest intensity from the ultrasonic Waves. 

FIG. 5 shoWs one example of a transducer 20 emitting a 
beam 28 of ultrasonic energy or Waves. As illustrated in FIG. 
5, the beam 28 of ultrasonic energy has a natural focus 
commonly knoWn as the Rayleigh distance (R) from the 
transducer to the distance at Which the intensity of the beam 
reaches its maximum. The Rayleigh distance (R) is deter 
mined by the operating frequency of the transducer 20, the 
dimensions of the transducer and the speed of sound through 
the medium in Which the ultrasonic sound Waves are trav 
eling. With a transducer With circular cross-section (e.g., as 
illustrated in FIGS. 2 and 3) the folloWing relationship 
exists: 

Wherein: 
R:Rayleigh distance 
fIOperating frequency of the transducer 
DIDiameter of the transducer 
a:speed of sound through the cranial tissue. 
As shoWn in FIG. 6, an exemplary axial pro?le of the 

beam 28 is displayed. It is understood that the exact pro?le 
may vary depending on the medium in Which the ultrasonic 
Waves are traveling. For instance, the axial pro?le Would 
shoW a decrease in intensity if the energy is attenuated When 
traveling through the medium (e.g., cranial tissues). The 
effective secondary treatment Zone 34 is de?ned betWeen the 
0(1) and (X2) positions. For example, FIG. 6 shoWs one 
embodiment Where 0(1) and 0(2) are located at 50% of the 
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maximum intensity. In this instance, a therapeutic effect may 
be achieved by exposing the thrombi to an intensity of at 
least 50% of the maximum intensity. Accordingly, a prede 
termined intensity level of ultrasonic energy may be pro 
vided to expose all of the secondary treatment Zone to at 
least the predetermined level of ultrasonic energy. In one 
embodiment, as shoWn in FIGS. 5 and 6, the predetermined 
level is at least 50% of the maximum intensity. In other 
embodiments, the predetermined level is at least 75% of the 
maximum intensity level. In still other embodiments, the 
predetermined level is at least 90% or at least 95% of the 
maximum intensity level. It Will be appreciated that intensity 
levels of less then 50% of the maximum level could be used. 
As illustrated in FIG. 6, the relationship of intensity as a 

function of distance results in the distance betWeen 0(2) and 
(R) being greater than the distance betWeen 0(1) and (R). 
Accordingly, When locating the secondary treatment Zone, 
the ultrasound system may be designed such that the Ray 
leigh distance (R) of the ultrasound beam is positioned at 
least substantially at the center of the primary treatment Zone 
36 as shoWn in FIGS. 5 and 6. Locating the Rayleigh 
distance (R) at the center maximiZes the intensity of the 
ultrasonic energy at the center of the primary treatment Zone 
36. Alternatively, the beam 28 can be oriented such that the 
Rayleigh distance (R) is offset from the center of the primary 
treatment Zone 36 and positioned closer to the transducer 
such that the intensity of the sound Waves at (T1) and (T2) 
are approximately equal. This location of the beam Would be 
useful to maximiZe the intensity of the sound Waves at each 
location in the primary treatment Zone 36. In still another 
embodiment, the beam can be positioned so that the center 
of the primary treatment Zone 36 is located at the middle of 
the secondary treatment Zone, i.e., midWay betWeen X l and 
X2. This location of the beam Would maximiZe the addi 
tional coverage beyond the normal primary treatment Zone 
on each side to cover additional possible thrombi locations. 

The concepts of the present invention may treat both sides 
of the brain at once. HoWever, the invention is also useful to 
treat one side of the brain. It is understood that treating one 
side of the brain may also result in incidental treatment of 
the other side of the brain as Well. Symptoms of the patient 
Will indicate Which side of the brain contains the thrombi. 
For example, paralysis or Weakness on the right side of the 
body indicates the thrombi is located on the left side of the 
brain. The center line 30 (see FIG. 2) of an adult brain Will 
typically be located a distance (C) of about 6 to 71/2 
centimeters from the transducer 20. In one embodiment, the 
primary treatment Zone begins at a distance T1 of about 2 
centimeters from the transducer 20 and continues to a 
distance T2 of about 7 centimeters from the transducer 20. In 
addition, the primary treatment Zone Width (W) throughout 
the primary treatment Zone is from about 3 centimeters to 
about 4 centimeters. There is a very high probability that any 
intracranial thrombi Will be located Within this primary 
treatment Zone. 

In order to locate the secondary treatment Zone 34 such 
that 0(1) and (X2) encompass the primary treatment Zone 36, 
the Rayleigh distance (R) should be from about 3 centime 
ters to about 6 centimeters. In another example, the Rayleigh 
distance (R) is about 6.2 centimeters. 

In one embodiment, the beam Width (W) of the beam 
betWeen (X1) and (X2) is about 3 centimeters to about 4 
centimeters. The beam Width can be controlled by changing 
the diameter (D) or aperture of the transducer 20 While 
keeping the frequency ?xed for example. The beam Width 
(W) at the Rayleigh distance (R), otherWise knoWn as the 
3-dB beam Width, is about half the diameter (D) of the 
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6 
transducer 20. Thus, a transducer 20 having a circular 
aperture With a diameter of about 6 centimeters Will produce 
a beam having a 3-dB beam Width of about 3 centimeters at 
the natural focus of the transducer. In embodiments Wherein 
the treatment Zone is exposed to ultrasonic energy at least 
half of the maximum ultrasonic energy, the half-intensity 
beam Width Will be betWeen about 3 centimeters and 4 
centimeters. 
As shoWn in FIG. 6, one or more pre-focus high intensity 

spots 32 may exist in the beam pro?le. In certain embodi 
ments, it might be desirable to reduce or eliminate these 
spots 32. For example, a conformal array transducer around 
part of the head (H) may be arranged to eliminate or reduce 
the spot 32. 

To enhance and optimiZe insoni?cation into the head (H), 
the transducer 20 may have a quarter Wave matching layer. 
An integral gel pad 25 may be present for assisting in 
coupling an ultrasound energy or Waves (US) to heads of 
different geometries. 
The transducer 20 used With the present invention can be 

a transducer con?gured for transcranial use to minimiZe the 
invasiveness of the treatment as exempli?ed in FIG. 2. 
A conventional cooling system may optionally be present 

in the transducer 20 employed in the method and system of 
the present invention to assist in preventing the surrounding 
body tissue from becoming burned or overheated due to the 
transfer and transmission of ultrasound Waves or energy. A 
thermocouple may be mounted on the edge of the transducer 
20 to permit temperature monitoring during use. Also, a 
cooling medium may be directed to the transducer 20 from 
a source aWay from the transducer 20, and the cooling 
medium may be either air or liquid. 
One or more transducers 20 may be used With the present 

invention, and each may be selectively adjusted to account 
for variations in head geometry. As shoWn in FIG. 4, the 
transducer 120 may comprise an array of transducers, such 
as a 2-dimensional conformal array. Individual elements of 
the array may be square, hexagonal, segmented rings, or any 
other pattern Which ?lls the emitting area of the transducer 
and can be controlled by a suitably designed driver system. 
The beam can be characterized, With a focus for example, by 
the cumulative ultrasound emissions from each of the indi 
vidual transducers in the array. 
The system of the present invention may also include a 

holding device to assist in appropriately positioning the 
transducer 20 on the head (H) to enhance its effect on an 
intracranial circulatory system, and in particular, the middle 
cerebral artery area. Furthermore, the holding device should 
be con?gured for maintaining the transducer’s 20 desired 
position during use and treatment to enhance the effect 
and/or ef?cacy of the ultrasound Waves or energy. Suitable 
examples of such devices may include a head harness, 
straps, frames, helmets, and the like. The transducer 20 may 
be releasably detached, or permanently af?xed to the holding 
device. 
The medicine delivery system 40 can include any con 

ventional intravascular IV delivery system for the delivery 
of ?uids into the circulatory system of the body B. The 
thrombolytic agent or solution 48 is generally housed in a 
container 42, such as an IV bag or bottle, and is in ?uid 
communication to the body B via a catheter 44. Solution 48 
is preferably injected and delivered intravascular into the 
body B With a needle 46 having an appropriate gauge, such 
as an 18-22 gauge needle. 

The solution or thrombolytic agent 48 used With the 
present invention can be any solution or medicine used to 
assist in the removal cerebral vessel blockages or obstruc 
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tions, such as a blood clot, or to enhance the thrombolytic 
action in a blocked cerebral vessels. A suitable example of 
a solution or thrombolytic agent 48 used With the present 
invention may include an appropriate solution or suitable 
dose of a thrombolytic drug. 
Any thrombolytic agent or anti-platelet drug can be used 

With the present invention. Illustrative examples of suitable 
agents for use in alleviating cerebral blood clots, or other 
blockages or occlusions Which might be used With the 
present invention include recombinant tissue plasminogen 
activator, for example r‘t-PA. In another example, abciximab 
or other antiplatelet agents are used. A suitable dosage or 
concentration of rt-PA may be about 0.9 mg per kg of body 
Weight. About 10% of the dosage is preferably given as a 
bolus at the onset of treatment, and the remaining portion is 
preferably given over the period of about an hour. Alterna 
tively, a suitable dosage or concentration of rt-PA used With 
the present invention may be less than 0.9 mg per kg of body 
Weight. 

In an alternative embodiment, the thrombolytic agent 
(e.g., t-PA) may be encapsulated or otherWise contained in 
a medium that is suf?ciently protective so that the throm 
bolytic agent can be delivered to the body (B) and trans 
mitted through the circulatory system Without effecting 
nontargeted areas. The protective medium is capable of 
being ruptured or otherWise exposing the thrombolytic agent 
by the ultrasound Waves or energy generated by the ultra 
sound device 11 used With the present invention. This 
arrangement Will target the exposure of the thrombolytic 
agent to the affected area, thereby minimiZing adverse 
affects in other parts of the body. Suitable examples of such 
encapsulating materials include microballoons made of a 
cross-linked albumin, a lipid vehicle and a targeting moiety, 
or other protein compatible With blood products. The siZe of 
the encapsulation should be optimiZed to alloW circulation 
of the encapsulated drug throughout the body (e.g., includ 
ing the lungs) and yet be readily destroyed by the application 
of external ultrasound. In still another embodiment, the 
present invention may use targeted gas-?lled echocontrast 
agents to act as cavitation nuclei at the site of the clot. 

In use, the present invention can be used to treat acute 
stroke patients. Once a decision is made to administer a 
course of treatment, the medicine delivery system 40 is 
intravenously connected to the body (B) of a patient. More 
speci?cally, the needle 46 can be inserted through the skin 
and is inserted into the circulatory system. Preferably, the 
needle 46 is inserted into a suitable artery or vein so that the 
solution 48 is quickly and ef?ciently directed to the site of 
the obstruction or clot. Exemplary vessels include the radial 
vein (e.g., see FIG. 1), antecubital vessels, subclavian vein, 
femoral vein, or femoral artery. Once the needle 46 is 
appropriately inserted and securely positioned, a valve 50 
may be sWitched to the open position so that the solution 48 
can ?oW from the container 42, through a catheter 44, 
through the needle 46, and into the body B. 
As exempli?ed in FIG. 2, the transducer 20 may be placed 

near or adjacent the head (H) of the body (B), and preferably, 
near or adjacent the temple. In particular, the transducer 20 
is selected, positioned, and activated With a natural focus 
having a Rayleigh distance (R) from about 3 centimeters to 
about 6 centimeters such that the secondary treatment Zone 
34 Will encompass a Zone 36 that has a high probability of 
containing a thrombus as shoWn in FIGS. 5 and 6. 

The driver 14 can be connected to an electrical source, 
activated, or turned on, and an electrical current is trans 
mitted through the cord 26 to the transducer 20. The 
electrical energy is converted or transformed to ultrasound 
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Waves or energy at the transducer 20. The resulting ultra 
sound energy or Waves are emitted, provided or directed into 
the body B, preferably through the temporal bone and 
toWard the blockage or occlusion (e.g., blood clot), such as 
Within the middle cerebral artery. The transducer 20 can 
radiate, direct, emit or provide ultrasound Waves or energy 
(US) at a frequency range from about 100 kHZ to about 1 
MHZ, such as from about 100 kHZ to about 250 kHZ. In one 
particular embodiment, the frequency of the transducer is 
about 120 kHZ. The amplitude, or intensity, of the sound 
Waves are from about 0.5 W/cm2 to about 10 W/cm2. In one 
embodiment, the amplitude or intensity might be up to 2 
W/cm2, as desired. The duty cycle of the ultrasound Waves 
or energy may be adjustable, as desired, and can be set at a 
range from about 10% to 100% (or continuous Wave). The 
ultrasound Waves or energy are radiated, directed, emitted 
and directed during the period that the solution 48 is being 
administered intravenously. The ultrasound Waves or energy 
may be radiated, directed, emitted and directed for about an 
hour, although larger or smaller time periods may be 
employed. 

In a preferred embodiment, a transducer 20 may also be 
?xed in the desired position near or adjacent the temple of 
the head using a strap, or other af?xation device. 

It Will be appreciated that the system 10 and methods 
described herein are useful in the lysis of intracranial 
thrombi. The application of ultrasonic energy to a primary 
treatment Zone alloWs increased ef?cacy of thrombolytic 
agents. Accordingly, in some embodiments of the present 
invention, the techniques described herein Will result in a 
reduced dosage of thrombolytic agent, thereby reducing 
possible occurrences of undesirable side effects such as 
hemorrhage complications. In addition, the device and meth 
ods described herein provide an ultrasonic Zone that targets 
the primary Zone. Accordingly, therapy may be initiated 
sooner since there is no need for radiologic or imaging 
guidance to determine the exact vascular location of the 
thrombi. 

The portability and ease of use of the device may even 
alloW treatment to begin before arrival at the hospital. For 
instance, emergency technicians may start therapy on site 
and/or may administer therapy on an ambulance for 
example. 

Having shoWn and described the preferred embodiments 
to the present invention, further adaptations of the present 
invention as described herein can be accomplished by appro 
priate modi?cations by one of ordinary skill in the art 
Without departing from the scope of the present invention. 
For example, other thrombolytics may be used With the 
present invention. In addition, While certain transducers 
shoWn and described throughout this application have cir 
cular section, it is understood that they could be formed With 
other shapes including polygons (e.g., triangle, square, or 
other polygon With four or more sides), elliptical, or other 
geometric shapes. In addition, other methods of providing a 
secondary treatment Zone can involve focusing the beam 
With a spherical segment for example, attaching or forming 
the transducer With a lens, a conformal 2-dimensional array, 
and/or forming a helmet to receive the transducers to place 
over the head. Several such potential modi?cations have 
been discussed and others Will be apparent to those skilled 
in the art. Accordingly, the scope of the present invention 
should be considered in terms of the folloWing claims and is 
understood not to be limited in the details, structure and 
operation shoWn and described in its speci?cation and 
draWings. 
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We claim: 
1. A method of transcranial ultrasound thrombolysis com 

prising the steps of: 
a) non-invasively providing a predetermined level of 

ultrasonic energy substantially throughout a primary 
treatment Zone encompassing at least a substantial 
portion of the M1 branch and M2 branches of the 
middle cerebral artery in one hemisphere of a brain of 
a patient; and 

b) administering a thrombolytic agent to the individual, 
Wherein the predetermined level of ultrasonic energy is 

provided by a transducer and the transducer produces 
an ultrasonic frequency of from about 100 kHZ to 1 
MHZ. 

2. The method of claim 1 Wherein the transducer is placed 
adjacent the head of the individual. 

3. The method of claim 2, Wherein the transducer com 
prises an array of transducers to create the primary Zone. 

4. The method of claim 3, Wherein the array of transducers 
comprises a 2-dimensional conformal array. 

5. The method of claim 2, Wherein the transducer is 
provided With a circular cross-section including a diameter 
of about 6 centimeters. 

6. The method of claim 2, Wherein the ultrasonic energy 
is emitted With a Rayleigh distance from about 3 centimeters 
to about 6 centimeters. 

7. The method of claim 2, Wherein the ultrasonic energy 
is emitted With a Rayleigh distance that locates the natural 
focus in one hemisphere of the brain. 

8. The method of claim 2, Wherein the transducer is 
located adjacent to one side of the skull such that the 
ultrasonic energy is emitted as a beam of energy With a 
Rayleigh distance that locates the natural focus in one 
hemisphere of the brain adjacent the one side of the skull. 

9. The method of claim 8, Wherein the transducer pro 
duces an ultrasonic frequency of from about 100 kHZ to 
about 250 kHZ. 

10. The method of claim 9, Wherein the transducer pro 
duces an ultrasonic frequency of about 120 kHZ. 

11. The method of claim 1, Wherein the ultrasonic energy 
is provided as a beam of energy With a beam Width from 
about 3 centimeters to about 4 centimeters. 

12. The method of claim 1, Wherein the ultrasonic energy 
is provided as a beam of energy With a beam Width of about 
3 centimeters at the natural focus. 

13. The method of claim 1, Wherein the thrombolytic 
agent comprises r‘t-PA. 

14. The method of claim 1, Wherein the primary treatment 
Zone further encompasses at least a portion of the M3 
branches of the middle cerebral artery. 

15. The method of claim 1, Wherein the thrombolytic 
agent is activated by a predetermined level of ultrasonic 
energy. 

16. The method of claim 15, Wherein the thrombolytic 
agent is contained by a protective material that alloWs the 
thrombolytic agent to be released When exposed to a pre 
determined level of ultrasonic energy. 
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17. A transcranial ultrasound thrombolysis system com 

prising: 
a transducer adapted to be placed adjacent to an exterior 

surface of a cranium; and 
an ultrasonic driver adapted to generate energy that can be 

converted at the transducer to ultrasonic energy suitable 
for penetrating the cranium and transmitting through 
cranial tissue Without generating undesirable thermal, 
mechanical or cavitational effects, 

Wherein the system is adapted to non-invasively provide 
a predetermined level of ultrasonic energy substantially 
throughout a primary treatment Zone encompassing at 
least a substantial portion of the M1 branch and the M2 
branches of the middle cerebral artery in one hemi 
sphere of a brain, and further Wherein the transducer 
provides an ultrasonic frequency of from about 100 
kHZ to about 1 MHZ. 

18. The system of claim 17, Wherein the transducer 
comprises an array of transducers adapted to create a sec 
ondary treatment Zone. 

19. The system of claim 17, Wherein the transducer has a 
diameter of about 6 centimeters. 

20. The system of claim 17, Wherein the primary treat 
ment Zone is adapted to further encompass at least a portion 
of the M3 branches of the middle cerebral artery of one 
hemisphere of a brain. 

21. The system of claim 17, Wherein the system is 
adjustable to vary the duty cycle of the ultrasonic energy. 

22. The system of claim 21, Wherein the system is 
adjustable to vary the duty cycle from about 10% to 100%. 

23. The system of claim 17, Wherein the system provides 
a duty cycle of the ultrasonic energy from about 10% to 
100%. 

24. The system of claim 17, Wherein the transducer is 
adapted to produce ultrasonic frequencies of from about 100 
kHZ to about 250 kHZ. 

25. The system of claim 24, Wherein the transducer is 
adapted to produce ultrasonic frequencies of about 120 kHZ. 

26. The system of claim 17, Wherein the transducer is 
adapted to produce ultrasonic amplitudes of about 0.5 
W/cm2 to about 2 W/cm2. 

27. The system of claim 17, Wherein the transducer is 
adjustable to select an ultrasonic amplitude. 

28. The system of claim 27, Wherein the transducer is 
adjustable to select an ultrasonic amplitude from about 0.5 
W/cm2 to about 2 W/cm2. 

29. The system of claim 17, Wherein the transducer is 
adapted to emit ultrasonic energy in a general direction aWay 
from the transducer and toWard the M1 branch and M2 
branches of the middle cerebral artery such that the Rayleigh 
distance of the beam is from about 3 centimeters to about 6 
centimeters from the transducer. 

30. The system of claim 17, Wherein the transducer is 
adapted to produce an ultrasonic beam Width from about 3 
centimeters to about 4 centimeters. 

31. The system of claim 17, Wherein the transducer is 
adapted to produce a Width of about 3 centimeters at the 
natural focus. 


